A new idea, which is deeply rooted in noncommutative geometry, is proposed in this paper to connect general relativity, quantum theory thermodynamics, cosmology and the foundation of quantum mechanics. The emergence of time and the arrow of time become natural in the new scheme.
where f is the number of molecules in the velocity volume d 3 v. however, as remarked by W.Pauli in [8] , in deriving of ∂f ∂t , " In deriving this equation( ∂f ∂t ), we have introduced a fundamental hypothesis which is in addition to the assumption of central forces only; this hypothesis is called the "Stosszahlansatz. " We have assumed that the density assumed that the density of molecules in the cylindrical volume element bdbdǫ is the same as it is in the remaining gas. ... We actually have not calculated ∂f ∂t , instead, we have calculated △f /△t. This one-sided average also means that our formula picks out a specific direction in time; this is in contrast to the laws which were used in the derivation. " Therefore we are able to identify the arrow of time with the direction of increasing entropy of a underlying system in non-relativistic spacetime, since the second law of thermodynamics is still in non-relativistic spacetime. On the other hand, all "fundamental laws" (generally covariant partial differential equations) can't distinguish the arrow of time. Another equivalent statement of the second law of thermodynamics is the heat always goes from high temperature part of lower temperature part in a system. Heat equation is a equation of heat flow based on Fourier's law which states that the heat flow at one space point is proportional to a negative constant times the gradient of temperature at that point. [5] shows the fourier's law in a simple quantum system by the assumption that vacuum is preferred during the quantum process. If all "physical equations", are generally covariant, so they are time symmetric, how can we observe the second law of thermodynamics with a preference of the arrow of time? (The non-relativistic approximation of a generally covariant theory is time symmetric since we only take the speed of time to be infinity in the approximation.) Besides equations on spacetime, we also need to consider time transform on the state of the system. By CPT theorem, taking a T transform is equivalent to take CP inverse transform which doesn't change the thermodynamics properties essentially. To answer this we have two options: we need a PDE on spacetime as a physical law which is not generally covariant; or we have to have a deeper understanding of time itself as well as space such that fundamental physical laws are not PDEs on smooth spacetime. If we still assume the spacetime is a smooth manifold, and if a physical law is written in the form of a PDE on the manifold, we believe the PDE should be generally covariant, since GR is the most accurate theory experimentally. In this paper I will answer the above question in the later way. In [2] the author pointed out that this problem becomes serious in GR because there is no preferred time in GR.
What are physical laws
In order to get a deeper understanding of time, we shall discuss in what forms physical laws should be stated in this section.
In [3] and [6] , an explanation of EPR experiment, which saves "locality" in quantum mechanics, was proposed from a relational physics point of view. The main idea in those papers is that in quantum physics a observation only depends on the system. We don't need to assume a priori "reality". On the contrary, Copenhagen school thinks a state is something real which is independent of anything else. The idea of relational physics is a revolution of physics because it changes the impression of reality in human being's minds. If we believe relational physics is correct, we have to ask what we can say about nature instead of what happens in nature. Except the second law of thermodynamics, all the physical equations in general relativity,standard model, sting theory we have known so far are written in the form of PDEs on spacetime. One may want to ask what the form of physical laws should be in general. We propose here that physical laws should be statements on physical observables. We are not able to contact "reality" without assuming a classical observer. In quantum mechanics, any observation must involve a measurement on a state. After the measurement, the state is changed. The previous information of the state is lost.
No matter what happens in nature, the only way that we describe nature is through observing various systems in nature. In quantum mechanics, In the point of view of Copenhagen school,in quantum mechanics, the fundamental concept is states, a physical reality, which is a vector in a Hilbert space mathematically. However, in [2] , the authors proposed that there is a representation of as a C * algebra by operators in a Hilbert space. Observables are functions on this algebra and states in the Hilbert states can be identified as elements of the algebra by
Therefore, if we assume observables as a C * algebra is the fundamental concept in physics, then the Hilbert space in the quantum mechanics context is a mathematical implication. This philosophy seems more natural than Copenhagen school's.I If we assume observables are fundamental concepts, naturally we get the idea of relational quantum mechanics would be And we can see how deeply pure mathematics can affect physics conceptions.
what is time?
There have been lots of efforts to pursue the issue of time. In [2] , the authors identify time as the parameter of the modular group of automorphisms on a subalgebra of the observable space which is a C * algebra, by the virtue of Tomita-Takesaki theorem [7] . This time is independent of all "gauge transforms" in the noncommutative geometry setting and it coincides with the thermodynamical time in non-relativistic case. However, there are questions about this point of view, there is no preferred time in general relativity and the C * algebra as the space of observables is itself static and time in [2] is introduced by hand which is not created by the interactions of states themselves(which are also in the representations of the C * algebra. The modular flow α t has the same form of the solution of operator equation in Heisenberg's picture, which still respect classical time. This is kind of not complete to describe all the features of time.
We shall propose a new idea on the issue of time in the following using the concept of observable physics. As we see in the last section, any measurement changes the system which the measurement acts on, so any system has to underly a process of lost of previous information.
As noticed in many literatures, a measurement is an interaction between two systems S 1 and S 2 , if we consider S 1 as the observer and S 2 as the system, after the measurement or interaction, some previous information of S 2 is lost. A system exists only we are able to observe it directly or indirectly. In other words, a quantum system exists because it is interacting with other systems, and it keeps losing information to other systems. Interactions are the most fundamental properties of physical systems. Losing information of a quantum system because of interactions with other systems is a universal property of physical laws. There is no absolute separated system in the universe. What is absolute is the absolute interactions of an system with others. Physical laws in quantum gravity will be stated in the form which is some observalbes of some system S 2 on S 1 loses information minimally under the interactions of S 1 and S 2 . I would like call this kind of laws observable physics in the present paper. Time, is nothing other than a concept to describe the relation between information lost of a system S with respect to all the systems it is interacting and the information all the other systems get in the interactions. In Newton's space and time, if a system of elastic particles is moving in space and time, its information on space and time doesn't lost at all: if you the positions and momentums of all the particles at any time, you will know what happened before. The information doesn't lost because Newton's picture is still classical picture which doesn't involve quantum effects. General relativity is also a classical theory, a test classical object moving in spacetime along a geodesic which can be written by a geodesic equation. This equation is an ordinary equation of a proper time, which keeps the information of of the object also. Classical theories are based on the assumption that the system S 1 don't lost information. This sounds contradiction. However, it is because general relativity has deeper quantum origin.
In thermodynamics, the entropy of a system is always increasing, because the information of the system is losing. In practice, when a piece of iron is heated, after a long time, the iron will be in a equilibrium state totally forgetting the initial temperature distribution on it.(assume the piece of iron is a adiabatic system). This concept time is called observable time in the present paper.
observable time
4.1. observable time and general relativity. As pointed in [2] , GR can not be written in the form of a Hamiltonian equation. In fact, this is not very hard to see, because Einstein's equation is nonlinear equation, in general, it is impossible to separate the second derivatives of time from Einstein's equation. This fact can be explained by observable time: the observable time refers to that a specific interactions of a system with all the other systems. One is not able to define a "universal time" for all interactions. We can feel "time" in everyday life because the interactions are homogeneous in Newton's picture, approximately we have a universal time as a background parameter.
observable time and thermodynamics.
The arrow of observable time coincides the arrow of thermodynamical time in the following sense: When we observe a non-equilibrium thermodynamical system, we can see it loses information with its entropy increasing. It is a well known result in PDE theory that solutions of heat equations underlies exponential decay to equilibrium state with respect to time.( [9] ) When the state of the system becomes sufficiently near to the equilibrium in the range of plank scale, physically, all the information of initial values are lost. The temperature distribution is getting more and more homogeneous in the system due to the maximum principle of heat equation. In practice, after sufficiently long time, the system will be in the equilibrium state and it will forget what the initial value of the temperature distribution.
Observable time is more fundamental conceptually than geometric time in GR. In the paper [2] , the ratio of thermodynamical time and the geometric time is equal to the temperature of the system. By the virtual of observable time, this is because thermodynamics is kind of electroweak interactions on the "flow of vacuum interactions", and the temperature is the "relative velocity" of the electrowek interactions on the " vacuum interactions". 4.3. observable time and cosmology. The arenas of observable physics should be black hole physics and early universe, where both quantum effects and gravitational effects become important.
Hawking's radiation is considered to be one of the most secure conclusions in quantum gravity theories. Since a black hole is totally determined by its mass, charge and angular momentum by no hair theorem and a black hole keeps radiating until it evaporates, all the information during the collapsing of a black hole are lost. In the point of view of observable physics, this conclusion is natural because when quantum gravity effects become important, we have to use physical laws in the form of last section I suggested, because classical gravitational effect and pure thermodynamics merge together in the formation of the black hole(black holes temperature is identified with its surface gravity). The information lost of a black hole after it evaporates and the information lost that happens in heat conduction have the same origin in observable physics. Eventually, some information of the collapsing are lost just like in the second law of thermodynamics. Hawking proposed the information lost implies that there is another uncertainty beyond Heisenberg's uncertainty principle. However, both of them are conclusions of observable physics as a quantum foundation theory.
John Penrose proposed a conjecture on cosmology which is called "cosmologic censorship". The conjecture says an observer is not able to observe a singularity of spacetime. By the idea of above, we have an evidence that this conjecture is true. Because if we can observe a system, the system must has a local time because its interactions with observer. By the virtue of general relativity, time and space can't be completely separated, so we observe the object is living in a world of spacetime. 4.4. observable and the foundation of quantum mechanics. The foundation of quantum mechanics is claimed to be still an open problem by some physicists [1] . Some authors are still trying to construct a hidden variable theory as a foundation of quantum mechanics, because careful studies have shown Bell's inequality doesn't exclude the possibility of hidden variables. However, there is conflict between hidden variable theory and observable physics:There is no "reality" that is beyond observation, and even space and time are requirements to state physical laws.But in hidden variables something with a priori existence has to be assumed. It will be very hard to describe physical laws of quantum gravity using hidden variables theory as the foundation of quantum mechanics.
conclusion
Although realists might argue there exists reality in nature and physical laws should reflect the reality of nature. However, in any sense, physical laws are what we can say about nature no matter there is reality or not. Without observations, we don't know the existence of a system. Since observations are interactions, if we believe our physical laws really reflects what happens in reality, then we get the conclusion that a system exists by interactions. While interactions, some information of the system is preserved and some are lost. A system is not an absolute concept, but interaction is absolute. Time is a requirement in stating physical laws. Time is merely a concept to describe the information lost of a system's interactions with all the other systems compared to the information change of interactions of all the other systems.
I would say the idea of emergence of time in this paper is new but still conceptual. A mathematical realization of this idea is needed in future research. It is very likely that the idea will be written in the context of noncommutative geometry, since the fundamental object in noncommutative geometry is observables. It is still not clear that how to create the dynamics of the C * algebra that respects the observable time and the 3-dimensional space at classical level. The Tomita-Takesaki theorem should be the classical limit of a future theorem that yields the concepts of space and time.
